1. It is known that the equations of inviscid flow of an incompressible fluid allow as stationary solutions an arbitrary distribution of angular velocity, Q (r), about an axis (where r is the distance from the axis). Rayleigh's criterion for the stability of such flow is
1. It is known that the equations of inviscid flow of an incompressible fluid allow as stationary solutions an arbitrary distribution of angular velocity, Q (r), about an axis (where r is the distance from the axis). Rayleigh's criterion for the stability of such flow is (D(r) = 2--d(r2Q) > O.(l r dr When viscosity is present, the class of permissible flows becomes very restricted and the most general form of Q(r) which is allowed is Q(r) = A + B/r2, (2) where A and B are two constants which are related to the angular velocities 91 and 92 with which the inner and the outer cylinders are rotated. Rayleigh's criterion for stability when applied to the distribution (2) leads to the condition %/2/Q > (RI/R2 )2 (3) where R1 and R2 are, respectively, the radii of the inner and the outer cylinders. The presence of viscosity inhibits the onset of instability and condition (3) must be violated by a certain determinate extent before instability can arise. The extent of this inhibition has been considered by a number of authors since G. I. Taylor first investigated the problem.1
The equations of viscous flow allow stationary solutions besides those given by (2). Thus a constant transverse pressure gradient, bp/r6O, leads to a superposition of a Poiseuille type of flow on the distribution (2). The stability of such flows has been considered by Dean2, Reid3, and DiPrima,4 among others. Another type of generalization is the superposition of an axial flow over (2). The stability of such non-Couette flows has been considered by Goldstein,5 but Goldstein's treatment was of a preliminary character.6 In undertaking a more comprehensive treatment of the latter problem, it became clear that the corresponding problem in inviscid flow has not been considered. The present paper is devoted to its consideration.
2. By writing the equations of inviscid flow in cylindrical polar-coordinates, (r, 0, z), we can directly verify that Ur = 02 ue = V(r), (6)- (8) (6)- (9) whose dependence on t and z is given
where k denotes the wave number of the disturbance. The discussion of stability centers on the reality or otherwise of p. For solutions having the chosen (z, t)-dependence, the perturbation equations become
(12) i(p + kW)w + (DW)u = -ikw, (15) Eliminating w between equations (13) and (14), we obtain
Differentiating this equation with respect to r and making use of equations (11),
On simplification, this equation becomes 
Substituting for v from equation (12) in (18), we finally obtain
r dr r dr is Rayleigh's discriminant (1) as previously defined. The solution of equation (20) must be sought which satisfies the boundary conditions u = 0 for r = R1 and R2. (22) 4. An alternative form of equation (20) (12) 
while equation (11) If a(p) 0, a necessary condition for the validity of equation (31) is 1(r) changes sign in the interval. If '(r) is of one sign, J(p) = 0 and the flow must be stable. The condition that for instability '(r) must change sign is the present analogue of Rayleigh's condition that for instability of plane-parallel flow, there should be a point of inflexion in the velocity profile. And the usual analysis7 for plane-Poiseuille flow can be repeated with respect to equation (29). 6. Returning to the general case and writing =Q 1 w(r),
where f1 is the angular velocity at r = R1 (say), we can consider equation (27) Starting from these premises one can show (by arguments into which we shall not enter) that Rayleigh's criterion for stability continues to be valid irrespective of W. Thus, the presence of rotation alters the problem in a qualitative way: its orgin is rooted in equation (12) 1 Taylor, G. I., "Stability of a Viscous Liquid Contained Between Two Rotating Cylinders," Philos. Trans. Roy. Soc. London, A, 223, 289-343 (1923) . For references to later work see Chandrasekhar, S., "The Stability of Viscous Flow Between Rotating Cylinders," Mathematika, 1, 5-13 (1954 186-198 (1958) . 4DiPrima, R. C., "The Stability of Viscous Flow Between Rotating Concentric Cylinders with a Pressure Gradient Acting Round the Cylinders," Journal of Fluid Mechanics, 6, [462] [463] [464] [465] [466] [467] [468] (1959).
5 Goldstein, S., "The Stability of Viscous Fluid Flow Between Rotating Cylinders," Proc. Camb. Philos. Soc., 33, 41-61 (1937) . 6 The calculations undertaken by the writer do not confirm Goldstein's specific results; in particular, the sharp decrease in the critical Taylor number which he finds when the Reynolds number of the axial flow exceeds 20. Goldstein's results are, moreover, inconsistent with the general theorem proved in §6.
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where 9; and Q2 are the angular velocities of the inner and the outer cylinders, Vm is the mean axial flow, i = (r -R1)/(R2-R,) and A = %/RI.
(3) 3. By considering an infinitesimal perturbation of the flow represented by equations (1) and (2), and analyzing the disturbance into normal modes by seeking solutions whose (z, t)-dependence is given by ei(pt + kz)
we readily obtain the following equations4 (D2 -a2) -i[a + 6Ra('/4 -2) ]} (D2 -a2)u -12iRau =v(1 2ll t)A (5)
